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APSTRACT
This study invest igateci the musc Ie fiber type conposit ion of
the biceps brachii, the patagaliasr and the craniaI portion
of the tatissinus dorsi r and the effect of stretch on those
ousc Ies in the corturni r quai t. The right u ing of each bi rd
ras inserted into a hot toy tube rhich containecl a vei-qht of
approrirrratety 13-15 9e'the t.eft ring yas used as a controI
for each bird. At thc end of a S-day pericrdr the birds 3ere
sacri+iced and the nusctes f rom each bird qufc.lty removeci.
The EUscles from three birds r,ere useC for the determination
of muscte r€ightsr rhite the nusctes from six birds uere
iamediatety frozen in Liquid nitrogen and isopentaner ind
then sectioned to deterrine nrusc (e f icer t).pes and muscIe
fiber cross-sectionaI area' The biceps brachii ras lounci to
consist onty ol type ?s fibersr the patagaIias of 60f type
ZA and rOZ type 28 tibersT and the craniaI portion of the
tatissinus dorsi onty of type 2A fibers. Stretch did not
induc" any fiber type transfornations. ExParimentaI tnean
nuscte ret reights and dry ueights exceeded controI vatuesr
but the ditf ercnc"s yere not statist icatty signf licant. The
erperinentat ,iber nean c ross-sectionat areas of the biceps
brachii and the c,raniaI portion of the Iatissilus dorsi r€r€
significantty 3 reater than the corresponding cont roI nean
fiber cross-sectionaI area vatues. The erperirnentaI and
controI values for fiber cross_sectionat in the gatagatias
sere not significant ty dffferent. These resutts indicate
that the biceps brachii and the craniat port ion of the
tatissinils dorsi hypertrophied in resgonse to stretch. The
patagatias did not hypertrophy, but it appears that it ras
not subjected to sufficient stretch.
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ChaPter 1
INTRODUCIION
sketetat muscte is a highty adaptive tissue that must
continuatty reSponcl to changes in the erternat environnent.
The adaptations that occur are Cependent upon the nature of
the Sti;utus. For eranpIe r increased rusGutar vork against
high resistance teads to an increase in ousete fiber size
(hype rt?ophy) (Edgerton , 1976; 6onyea & Eonde-P"terscnr
1978), yhereas repetitive yorl against tov resistance Ieads
to an increased oridative Gapasity of the ousc[e (]lottosZYr
197-2). The preponderance of evidence has cjeronstrated that
the increase in nuscIe nass during postnataI grorth is due
to an increase in girth of inCividuat muscte f ibers
(rischoan, 197?; Gol.cispink r 1s68'- 1S7O; 6ot'dsoinlt & Rorer
1968; Gol.tnickr lloore, TinsooT & ReictTr 1981). Horeverr
severat studiesr both earty and i€GPntl have suggested that
under c?rtain conditionsr !rorth ilay invotve an increase in
fiber nuaber (hyperptasia) (DurantEr 19e0, 1902; Gonyezt
1 9t0; Gonyea , E? icsonr 8 Ponde-Petersen t 1977; Sota r
Christensen, I sart in, 1973). At the present time;
hyperpl,asia verSus hypertrophy has develcped into a major
contrOv€rSlr houever in the avian oodetr the grepOnderance
of ev idence indicates that hypertrophyr not hyperpLasiar is
responsibte for the muscte grorth.
Severat experiaentaI noOets have been used to induce
hypertrophyr the prinrary requisite being to increase the
tensiOn that the muscle must Qenerat€. ln ratSt niGer and
cats, tens ion has been produceo by surgiea L removaL
(abtation) of synergistic musctes (Arnstrong e IanuzZol
1q77;Guth&Ye[[inrl.gTl,rorbytenotomyorcienerv;rtionof
synergists (Oenny-Broun t 1961; Gotdbargr 1967; Tonanel ?,
Lioor 1970)r or by innobiLisation (GoIdspinkt 1971r- 1976r
1C78b; Netsonr 1g6E). In avianse tenSion haS been produced
by denervation (Fengr Jungr & !iur 1962) andlar by the
attachnent of reight to a l,imb (Laurent o, p'li Lt*ardr I978 t
198C; 5ol.a et it. r 1973). The avian rnodeI of hypertrophy
has been eraEined by severat invest igators (Ho Ityr Ashmorer
TayIorr & [1oter 1980; Laurent t' Iilit tvardl 1980; Sota et at ' 1
1g?_\r. In the nainT the avian nodeI has used teghorn
chickens; and hypertrophy has been Gonsistentty reproducedl
both in innervated and denervated ouSGt€ r turthBr.ftole I t he
nodel, has the adYantage that retativeIy simpte technioues
can be used to produce tension in the muscter !hereasr in
the r?tr invotved surgicaI technioues are usuatty reguired.
It is the purpose ol this study to investigate vhether
the codeI of avian hypertrophy Gan be reproduced in the
corturnir quait. The rat ionate for the study is that the
quait has an added advantage over the chiGkehr in that it is
aruch SrraIter and conseQuent Iy much ilore cost ef f icient t in
terns of both feeding and housing.
Score o` P rObten
The purpose of this study "as to determine if the rodet
of stretch―hypertrophソ producea by Sota et at。 (1973) ●outa
be reproduced in the corturnix quait.  The quait uere
obtained from the Department of Pouttry SCience at Cornett
unive rsity. Ithaca, NeH York.  Mate birds ●ere used to
prevent hormonat factors from inftuencing the study.
Initiatty, the anatOnソ of the quait ●ing and back was
studied in o「der to determine uhich musctes ●e re 【ikety o
be stretched by the addition of uei9hts to the wing.  丁he
biceps brachil, the patagatias, and the craniat portiOn of
the tatissinus dorsi uere considered to be the musctes that
●outd be stretChed.  Therefore, the fiber types presertt in
these musctes ttere inveStigated using the adenosine
triphosphatase staining prOcedure Of Tunnett and Hart (1977)
and the Farber, Steinber9, and Duntap (1956) procedure for
DPNH―TR aCtiVity, ●hich Has used as a ttarker of o■idative
capac ityo  Since the biceps brachii, the patagatias, and the
craniat portiOn of the tatissittus dorsi had not previousty
been fiber―typed, the retiabitity of the staining procedures
Jas verified using the soteus muscte of the rat and the
supratendonosis muscte of the ,19・
ハfter the initiat investigatory fiber―typin9, the
effect of stretch on the muscteS uas exaaineo.  Nine birds
日ere uSed to test the modet。 l DaSiS for setectiOn "as
apparent good heatth, 日hich bas determined by maintenance of
4oody ueight and absence of disease syBptoos ovet a
stabi tization period of 1C days. The right ring of each
5ird ras used {or the elgerinentat treatoent r ano the Left
ring served as controt. Stretsh uas proCuced by the
insertion of the right ring of each bird into a hottor tuhe
conta ining reights. The tube Bas Left in position for 5
days. The birds yere then sacrificedr and the bicess
brachiir the Fatagal'iasr ond the craniaI portion of the
Latissimus dorsi cere quickty renoved fron both rings.
Three birdS rere uSed for the cieterminatiOn of ilrrscte
reights; and sir Yere used for the deterlination ol 11usc te
fiber cross-Sectionat areoo |he rnuscIeS from the six birds
to be used for the deternination of t iber Gross-sect ionaI
area yere sectioned and stained to determine rnusc Ie f iber
t ype. The BUsc Ie fibe? Gross-sect iona( areas for each
Itruscte rere deternined using a Garbon-arc prOiector and a
GP-50 sonic digitizer. A r"peated neasulGs !-test design
Jas uSed to anatySe trean fiber CrosS-sectiona( arear nusc Ie
ret reightr and nuscte dry neight vatues for the
erper iaentat and controI nings. In addition, thc data lor
the f iber cross-sPctionat area of the Patagatias'truscIe Yefe
sub jected to a nut t iva r ia te ana I ysi s of va rianGe (fi^NCVA ) .
Statenent of Prob Iea
This study uas undertaken to ass ess t he node( ol avian
hypertrophy induced by stretch in the corturnir quaft.
Three specific subprobLems Yere exanined:
51. that are the ficer types present in the biceps
brachiir the patagatiasr and the craniat portion o{ the
Iatissinus dorsi?
z. Does stretch I by the adoition of reight to the
ring, induce hyoertroPhY ol the biceps braGhi{t the
patagaIiasr and the craniat portion of the tatissinus clorsi?
J. Does anY 6hange in fiber type oGcur uithin the
musctes after 5 daYs of stretGh?
Hypot heses
1. No shanEe vi Lt ocGur in the rrrean f iber
cross-sectionaI area of the biceps braGhii r the Patagatiast
andtheGranial'portionofthel.atissinusdorsiafter5days
of stretch.
2. ilo change in fiber type ritt oGGur in the nusctes
after 5 days ot str?tch.
Assunptions of StudY
For the purpose of this study the fot Loxing assunptions
have been nade:
1. The distrit'ution of f iber types presen't in the
sanpl.e b irds is representative of the distribution of f iber
types in the sPec ies.
?. Ihe activity oI at t reagents used in the
deternination of fiber types vitI ce constant over the tite
period of the studY.
De L imi ta t ions o f St uoy
1. Onty the staining procedure o{ Tunne[ [ and Hart
6C19?7 ) vas used to determine lTPase activity.
?.. Onty the stafning procedure ol Farber et B t . (19 96)
ras used to deterrnine DPt\it+-TR activityr rhich vas useC as a
narker of oridative capacity'
了。  Onty mate birds uere used.
4.  The Stretch Of the musctes ttas onty apptied for S
days.
Littitatlons of Studソ
1.  The findings retated tO ■7PaSe activitソmay onty be
vaLid Hhen the staining nethod of TunnetL and Hart (1977) is
used.
2.  ▼he findings retated to DPNH―TR activity ttay onLソ
De Vatid りhen the staining method of Farber et aL. (1956) is
used.
3.  The findings maソ o ty retate to mate QuaiL.
4.  The findings onty retate to the tine period of
apptied stretch used in this stuoソ.
Chapter ?
REVIETJ Of RELAIED LITERITURE
In this chapter studies that retate to rusc Ie fiber
tyges and nodets of stretch-hypertrophy are eraiinec. Prior
to the discussionr a short intfoduGtion to sleLetal muscte
anatony is Presented.
Sketetat l?uscte Anatomv
Skel,etat lluscLe is a very Gonpte r organ l caFaote of
great adaptation and perforaafiG€o In order to appreciate
the atteration5 that auscte Gan undergo it is necessary to
understand the a rchitecture of nuscte tissue. Each rnuscIe
is nade up of thousands oI ttuscte fibersr each of rhich is
eBDeddec in a fine Iayer of connect ive tissUer the
endonysiun, and gathered yith other fibers into nuscle
bundtes o? faseictes. Each fascicte is separately rrapped
in a sheath of connective tissue lnovn as the perirysiuar
and the fascicLes ioin into a tendon at each end. The
ausc t e is goyered on the outside by a lasc ia of t ibrous
Connective tissue catted the epiaysiunr. fhe aaount Of
connectiye tissue (coLtagen fibers r etast ic fibers I and
other setts) yaries in different arusstes and in oitferent
Species. A g?oup of fibers innervateC by a singlc tl;otor
neuro?r represents the ootor unit vithin a nuscLe.
In hunans; it is generaLty betieved that the totaI
nuober of muscte fibers is set very earty. Ior inst ancet
[{acCattua (1E98) consiOered the nuaber of musCle fibers to
be f inatLy estabLished after the eabryo reached the age of t,
to 5 nonthsr a proposaI that is stil.t the poputar vieupoint
(6oLtnickr Parsonsr Reidyr E ltoorer 19E-r; HoIty1 Farnett I
Ashnorer Taytor;8 loter 1980). Hoveverr the idea that
nuscte fiber number does not increase has recentty been
chattenged by severaI investigatorsr such as Gonyea (1981 )
and Sol.ar Ghristens8o7 andtf,artin (19?3)t rho have ctained
that muscte fioers retain a capacity to Jnoergo hyperptasia.
Indisputabtyr the thickness of a fiber Gan v3!'!r At birth
the fiber is about trice as thick as in the 4th tetaI nonthr
but has onIy one-fif th the adul.t thiclness (Lockhartt 197f).
The ske teta I musc te f ibe r i s a no?e or Iess
cyt indricatr etongated cel. 1,. f he thickness of the f ihers
varies in different ouscIes or even in the Sane muSG[€r and
in hunans ray range f rom 10 to 100 rnicrons. ln many
nusctesr the individuat cel.L ertends att the uay {ron the
tendon of origin to the tendon of insertion. The nusGLe
cel,L is nuttinucteatedr rith sometirnes as trany as severaI
hund?ed nuctei in a singte fiber.
ruscte Fiber Types
ALt hunan sketetaI musc Ies are cotrposed of a mirture of
different aotor unit tynes that are usuaLty gtassified
according to their contraction tine and their fatigue
resistance (Ctoser 1972r. Posturat muscles have a higher
8
9proDortion o, stoy contracting, fatigue resiStant fiotor
units than do phasic nusctes. Phasic nusGtes contain a
higher oroportion ol fast-tyitch notot units that a?e
capab te of generat ing short bursts of erp Ios ive
contractions. Horeverr the fibers in the fast-t*itch Dotor
units are raPidty fatigued.
Unfortunatetyr the matter of ctassifying fiber types
and 6{ standardising a systen of nonenetrture has been
d it f i cu tt. The otoest c tassi f ication basecJ on morphology
yas proposed by Knot"l, (1E91) rho divided iusGte I ibers into
'prOtoptaSaaarl1- and'prOtopIastiareich-. llt a Si;ritar earty
systen xrug"r (1929) cLassifieo fibers in rhich the
ryofibril.s re?e distinct and rounded as'fibrittenstruktv?'t
yhereas fibers in rhich the nyofibrits yere ctosely aCjacent
and a?Janged in coIunns Ie1.e Gat Ied 'fetderStiuktur-.
In Fore recent t iaes Padykuta and Ganthier (1967)
designated three fiber types: redr rhite I and internediate.
Ihey used norphol.ogicaL criteria based on mitochondriaI
contentr as s?en vith the e(eGtron nicroseope. rheir system
reptaced an eart ier nomenc [ature in yhich the tiber types
harj been catted Ar Br and c (stein t Padylutat 196a)' As
addit ionat investigators, Edgerton and Gerghnan (1969) and
Guth and Samaha (1969)r attenpted to refine the use of
aorphotogicat criteria to deterrine fiber typesr the
situation becaae increas ingty confused.
The histochecicaI anaIysis of various nuscte {iber
10
types has been pr imari (y invotved rith three rnajor groups sf
enzyoes (ouboyitzr 1g5A, Enget , 195?; 09at i f, llori, 196t'i
stein & Parjykula, 1962). The enzyn"s are the so-ca[ [eo
-oridat ive enzynes'r SUGh as the dehydrogenases; the
adenosine triphosphatases (!fPases); uhich arP important in
the functioning of the Gontractite eechanism; ano the
enzynes of the anacrobic pathuillr Such as phosphory (aSe '
xamnatian skeIetaI nuscte has been separateo
histocherical,ty into type l and type ? fibers using the
catciul-dependent adenosine triphosphate (AfPasG) reaction
descr ibed by padytuta and Hernan (1955). Their procedure is
dependent upon th" abiIity to produce distinct lTPase
staining intensities betgeen type 1 and type 2 f ibers. The
difference in staining intensity is r in part I due to the
sensitivity of type 1 fibers to fornatdehyde' Fore
recentLyr Brooke and Kaiser (1970) have shorn that type 2
fibers nay be subdivided into type zA and t)rpe zb libers on
the basis of pH LabiLity. rhe histochenicaI description ot
at Ieast three fiber types stosety paral'tets biochenicaI and
physiotogicat. findings (Barnardl Edgerton, Fururalar fr
Peterr 1g71i Burker Levine, lajacr Tsainsr & Engetr 1971)'
utitizing 5 minutes preincubation at pH t.6r the ArPase
activity of hunan type 2A fibers is inhibited; rhereas the
ATPase activity of type zF and type 1 ficers is oot o fioer
types 1 and aB rrust then be separated by the routine AIPase
nethort. The rout ine ATPase Eethod reouires preincubat ion of
11
seriat sections of muscte at pH 4.6 and 9。4, and sしbsequent
comparison of reaction intensities of each fiber.  Frooke
and Kaiser (1970) lurther reported that acid inactivation is
nct precise since partiat inactivatiOn occurs frOm pH 4。9
th「ough 4。5 in human type 2A fibers, and from pH 4.5 thFOu9ト
4.3 fo「 type 2B fibers。  ln addition, species vaFiatiOn in
the acid tabitity of myofibrittar AVPase further comp[icates
the procedure (Brooke & Kaiser, 1974〕.
Guth and Sanaha (196?)r using a protocoI of
preincubat ion in either atkati or acid nediar atso reporteci
the ctassification of three fiber types. They r€portec that
hight y active fibers rere setectivety inhioited onty by
preincubation at pH 4.2 4,5r and the Ios activity fibers
.ere setectivety inhibited onty at pH 10.2 10.4. At DH
vatues betov 1,.2 t or above 10.4 r the ATPase actiyity of att
fibers r.as inhibited.
Both the tsroole and f aiser and t he Guth and Saaal'a
procedures have the disadvantage that the existence of t hree
fiber types cannot be deterrnineC from a singte stfde.
Horev??1 Tunnett and Hart (1977) reported a rapio and
reproducibl.e nethod that pernits such a Ceternination to be
eade. Furtherrorer they va t iCateC the subtyping of the type
Z libers obtained by coErparison of seriaI sections stained
by the sethods of Brooke and Kaiser (1i70) and Padykuta and
HPrnan (1q55).
In GolDarisonr Staining procedures for the'orioative
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enzynes- have been much mOre St?aightforuard. 0ne very
com-tro.nty used procedure has been the react ion lor reouced
diphosphoEyridine nuctectide tetraeotiun reductase
( DPNH-TP) . The DPNI{-TR p rocedure readi Iy di stin'gui shed
three fiber types across severat sDeGies (Farberl Steinbergr
& Duntapr 1956).
Diflerent staining proGedures coupted vith oifferent
interpretations have produGed a nunber of oifferent systens
of ctassif icationr suGh as atphar betar and atpha-beta
(Guthr sanahar t A Ibersr 1970); fast-t*itch rhite r
fast-tritch redr and stol-tvitch internediate (Sarnard et
il [.1 1971 ) i FF , FR, and f S (Burke et 3[ .e 1971); and
stor-tritch oridative (SO), fast-tvitch olidative-gtycotytic
(r0G) r ond fast-tritch gLvcotytic (rG) (Peter' Earnardt
Edgerton r Gi tLespie r t Stenpe( r 1972r. Srooke and (aiser
(1974) atso proposed that the basic division into type 1 and
type ? fibers be a,iptified by Gonsideratian ol fiber
sub-types 1Ar lB, ?lt 2Br and ZC.
The 2C fiber is not nornaIty seen in adu(t hunan
musc Ier but it is a nornat Gonstituent ol soae aninaI
nusc Ies r such as the rat soteus. Pessin and Brooke (cit ed
in Erooke & KaiSerr 197t,, reported that it appears to be a
devetopnentaIty prinitive tiber and is prescnt in human
foetaI tugGtG. fhe type ?C f iber is atso seen in iibnorruat
auscIe such as in muscutar dystrophyr and it appeats to be
retativel.y undifferentiated' In Yett-trained tong-distance
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runners a decreaSe in the perGentaEe of type 1 f ibers and a
para [ [et increase in the relative proport fon of type ?C
fiber3 uas observed uhen the training progFaE at suGh
individua(s ras suddenty changec fron continuous to
internittent rorl (Janssonl Siodinr Thorstenssonr HuItenr L
Frith 
' 
197E),
I ner technique that invotves the analysis of t he
Retabot ic function of sing te rrusG Ie I ibers has reGentty been
reported. Lorry 1 Lorry 
' 
Chi, Hintz I and Fetder (1980) have
reported that aost of the enzyme activities frorn one fiber
to another \rariGd over a lnore than 10-f otd range r indicating
an atnrost continuous spectrum in the rretabotic ptotite of
the fibars. Thereforer Hovatd (198?) prcposed that the
different fibers shoutd onty be ctassified aCcording to
AfPase staining characteristiGs that are directty fetated to
the notecutar structure ol the contractile proteins I and
that the rretaboI ic pro{i te shoutcl be erpressed in terms of
the act ivities of the different €rrl/r€Se
Three systeils of nonenc Iature a7P Gt,'l'pat ibte: type 1 t
2lt and ZB fibers are atrays identicat rith S0r t0Gt and FGr
and FFr FPr and FSr respectivety. The Gorretation aEong the
three systeils exists becauSe the SecOnd Stain sS€s the
ATPase systerr to first divide the fibers into stor or fast I
and thea secondariLy uses the oxidative enzyre reactions to
subdi vide the fast fibers into those rith heavv oridat ive
activity and those vith Iess oridative aGtivity. fhe l]t
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FPr and FS system is coilpatibte besause it is chiefl"y
dependent upon the corre taton o{. the f,fPase Systen ol
ncfienctature rith physiotogicaL studies (Prooke & Xaiserr
l97L). Fiber-typing based on the ATPase system of
noilenctature has the advantage in that the ATPase staining
characteristics of a nuscte are oirectty retated to the
rroIecu[ar struGture of the contraGtiIe proteins (Horatdr
1942). In aoditionr the abil,ity to differentiate on the
basis ol tTPase staining na). persist tong after the abitity
to di fferentiate rith oridative enzymes has been Iost under
pathotogicat condi tions (Brooke r 1973 ).
In the present study the deterrination sf f iber types
ciLt be nade using the ATPase staining nethoo of funne[[ and
Hart 1197?rt and the DPNH-TR staining method ot Farher et
at. (19r6) as a oarker of oridative activity. rhe fiber
types ril.t be cIassif ed to the type 1' 2Ar 29_t and 2C system
of Broole and faiser (19711,
ilusc te Grovth
SketetaL muscIer in generat r is a highty adaptive
tissue that nust continuatIy respond to changes in the
erternaI envirOnment. FOr eranpte, increaSed rOrk againSt
high resiStance has been shoyn to tead to an increase in
*usc Ie size (hypertrophy) (Edgerton , 1775; Gonyea I
Bonde-Petersenr 1978). Houeverr repetitive rork against tou
resi stance has been Shorn to produce an inCreaseo ox idat fve
capacity ol the nuscle (Hottoszyr 197!\.
15
Traditionatty, skel'etat muscIe and cardiac muscIe have
been betieved to be tinited in their capacity for grouth as
compa red to such tissues as the tiver or lidneyl in *hich
the potentiat for dranatic grorth has Iong been dppreGiat?dr
The preponderance of erperirnentaI evidence has demonstrated
that th? increase in nuscte nass during postnataI groYth is
due ta the increase in girth of indiviciuat fibersr and not
to an ingrease in the totaI number of fioers (tischraslr;
1972; Gotdspink r 1968 | 197A; Gotcjspint t RoHer 1968;
Gottnick, Tinsonr liloorer t Reidyr 1981). Horeverl as earty
as the turn of the centu?yt Durante t1?et) srrggested that
the adutt sketetaI rnuscIe aay increase in f iber nunher
through a process of IongitudinaL fission (f iber sp I itt ing).
ttore recent studies have aLso proviCed evidence that is in
conl I ict rith the concept that rausG Ie I iber hypertrophy is
the singte cotrponent of the vork-induced grort h process
(Gonyea r 1980; 6onyea et it.e fi77; Sota et ;1t.r 19?3) '
The conftic ting resutts ol previous studies oay have
resul,ted fron the differing nethods used to provide the
roFk-overtoad muscte grobth stimutus. BasicatIy r the
nethods fa It into tro categories: a) training-inCrrced
grorthr and b) non-training-induced grorthr produced either
Oy surgery, 'oy Surgery pIus externaI tenSion, or by erternat
tension atone. An erampIe of non-training-induced groHth is
conpensatory hypertTophy. fn compensatory hypert rophy a
nuober o{ nusctes are el.iminated froq actiqn by either
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tenotomy (cutt ing ol tendons) or surg icaI ercision
(abtation)1 vhich resutts in a rapid hygertroFhy by the
remaining intact nusctes. Gutmannr Schiaffinol and
Hanzi Ikova C19?1 ) proposed that cotpensatory hrpertrophy
resutted from gassive nechanicaI stretching produced by
reIat ive Iy unopposed cont ractions of the antagoni st ic
nusc[?s.
0ther non-training nodeIs have bean used to proouce
nuscIe hypeTt?ophy. In order to produce the hypertrophy the
auscles have been subiected to stretGhr rhich has been
produced by dene rvation (Sot a & l{art in r I953) t by
immob it,i sation in a tengthened positi on ( fhompson & Luc'o r
194L) t op by the addition of veights to a Limb in orser to
produce tension (Sota et ot.p 15711.
Gonyea (1?BC) has suggested that if the
non-t raining-induced grorth processes a?e a[ [oreo to
continue lor a tong period, or if the anirats are forced to
ererc ise I usuat(y yith an enduranGe t raining reginen r then
the g routh process ri ( t inctude an increase in f iber nutnber '
FurtherEore Gonyea (1980) has reported an increase in muscIe
fiber nurber in Gats fot torinq high-resistance exercise'
Hohev€rr his vierpoint has been strongty chattenged
(GotInick et aLrr 1981). Since the purpose of the present
study is to inyestigate onIy the hypertrophy aspect ef
groHth in stretch-retated nodets r no further attemPt vi t L be
nade to devetop the hyperptasia Yersus hypertrophY a"gu6c71t o
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Criginattyr overrork of the nuscte vas considered the
stimutuS fOr the reSuttant hypertrOphy prOC€SS e llo|.ever r
Sota and ilartin (1951) first noted that fottoring
denervat ion of th" rat diaphragm there vas a transient
hype rtrophy for seyera I days, fo[ [ored by the custonary
atrophy that has been shoyn to accompany ilost other
denervated nusc Ies. The transient hypert rophy ol the
diaphragil resuLted fron the repeated stretch of the
denervated heridiaphragr by the GontratateraI innervateC
fiusc[€o Thusr stretch Has dissovered as a potent agent in
nusc Ie hyPertroPhY.
Hertl Feng et at. <196?) shoved that upon denervationr
the anterior tatissinus dorsi muscte of the chiclen
underuent hypertrophy. Stretch of the denerYat?d rtusGte by
the reight o{ the chicken xing seened to provide the
stiautusr since such grorth did not oGGur if the ring bas
he l,d in ptace to prevent droop or in rings that rere not
stretched. soLa et at. fi973) shoyed further that
hypertrophy of the ante rior tatissirnus dcrsi cas elore
pronounced if adoitionat ueights rere attached to enhance
the degree of stretch. stretch increasecj the tension
appt ieo to the nuscte I therefore it r3s discovered that
tension and not overrork eas the aJent responsibIe for the
hypertrophic resPofls€r
The Stirnulus for Non-Training-Induceo Grsvth
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St ret ch uode I s and T ension
'rhe erpeiimentaI nocjets of denervationr coErpensatory
hypertrophyr ianobil.isation in a st7g1G'hed positionr and
stretch by the addition of reight a[[ have the coiiGon factor
that they produce hypertrophy by increasing tension.
Hoyeverr certain differences do erist afiong the lodeIs.
In the tenotoEry and abtation ilodets of coopensatory
hypertrophy r the fiuscte i s subjeGted to a lor-tension
stimutus coupted rith an intact neJrotrophic inftuencet
since innervation is normat. 6oth tenototy ano abtation
invotve invasive Eeasures. fnmobitisation modets rePresent
non-invasfve techniques r coupted vith the stiautus of Iou
tension and an intact neurotrophic inftuehG?e The avian
modet of stretch is atso a non-invasive technique r but the
anount of tension appl.ieci is dependent upon the reight
attached to the timb.
ilusc te Hypertrophy by stretch
StretChr ano thus inCreased tension in sketetaI eruSc te,
has been shoun to produce iluscIe hyOe rtrophy (Denny-E1'oyfl;
1961 ; teng et stor 196?; Sota et ittor 1973>. In the
f ol.l.oring sectio11s r the changes that aGGonpanf hypertrophy
are exanined. rhe section is divided into the changes
occurring in (a) iloTphology, (b) physiotogyr (c) netabotic
grof i [e, (d] p?otein turnover r and (e ) n.rGteiG aGio Gontent.
p basic structuraI
coapensato ry
In att ilodets
changes have been
o{ stretch-hYPertroPhY
reported. In the ratt
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hype rtrOphソ has been induced by tenoto疇ソ (Denny―BroJn, 1961=
60Ldberg, 1967′ Guth, BrOun, 2 7ienOnttiCZ, 1966F Hamosh,
Lesch, Braon, こ Kaufman, 1967′ Tomanek a りoo, 197●), and in
att cases increases in muScte ●et ●e19ht and dFソ ロ 19ht
occurredo  Further日0『0, Cuth and Vettin (1971)and Gutmann
and Haj●k (1971) confirred that the increase in musCte
Leight foιLo"ing tenotomy ●as accompanied by an increaSe in
3uscte fiber diametere  Simitarty, studies uhich produced
compenSatOry hypertrophソ by means of abLation have rep。「 ted
increases in muscte tte19ht and fiber cross―seCtiOnat area
(Armstrong 8 1anuz20, 1977′ Hubbard, lanuzこo, 綺attheu, &
LinduSLa, 1975′ Ianuzzo こ Chen, 197●= lanuこ20, COttnick, 1
Armstrong. 1976).
In the avian mOdet, stretch has repeatedty じeen shoun
tO induCe increases in muSCte weight, both in the denervated
stat e (Feng et at., 1962= SOta et at・, 1973) and uith intact
inne rvation (Ash口re e Su籠籠ers, 1981: Hoity, Barnett,
Ashmore, TaytOr, 8 'Ote, 1980, Laur●nt 8 HitLuaro, 198o3
Sota ct ate. 1973).  BOth Ash■ore and Su口鳳ers (1981) and
Hotty et at.  (1980) reported that in the chicken, the
increase in muscte ue■ 9ht Las accompanied bソ lnCre ses in
tength, ■uscte cross―SeCtiOnat area, and fiber
c ross―ectiOnat area of the stretched patattati●s, biC ps,
and anterior tatissimus dorsi CALD〕muscteS.
In both the rat and the chiCken, the increases in
甲usCte ue19ht and fiber crOss―sectionat area uere muCト
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great€F than the inc reases in nortltat ohysiologica[ $roirtho
Armstrong anci lanuzzo (1977, reDorted increases of 100i in
the pIantaris of the rat after 6C days of hypertrophyt
rhereas Sota 
"t il[.. (1973) reported a 20C? increase in the
ALD of the chicken after 55 days of hypertrophyr and uotIy
et at..(198C) reported increased fiber cross-seetionat area
of 45? and 1,37r respectivelyr for the chiGken patagaIias and
ALD Dt sc tes afte r onty ?8 days of hypertrophy '
Studies using compensatory hypertrophv in the rat
(Arnrstrong I Ianu zzos 19?7; Guth t Ye [[inr 1921; f anuzzo e'
Ghen | 1979; Schiaftino g Bornoti | 1971' and the avian modeI
of hypertrophy (GoLLnick I Parsonsr Reidyr & lloore r 1983;
rtotty et i!t.r 1980, Sota et ot.1 1973) have reported
increases in the nuaber of type 1 fibers during the course
of hypertrophyr as yetI as an increase in EusGte liber size.
fhe increase in the nunber of type 1 fibers ros not
inmediate but appeared to be f ut ty nranif est rithin 30 diys.
Ianuzzo and Chen (1979) proposed that the adaptation torards
type 1 fiberS aay reduce the aniaaLs- aetabotic GoSt r since
stoy-tritch fibers are Eore efficient in the naintenance o,
isonretric tension.
Thereforer stretch has been shovn to have increased
both the ueight and the fiber cross-seGtionaI area of
sketetai nuscte, and ilay have indueed shifts in muscte fiber
types. The physiotogical, significance of the Changes are
exanrined in the nert sGGtion.
21
PhysiotogisaI Changes
ltodets of st?etch-hypertrophy h3ve produced increased
muscte ueight and muscte fiber cross-sectionaI area.
Horeverr it is orobabIy aore iaportant tc eraaine aFY
changes in the functionaI properties of the hypertrophying
nuscIe. After attr if the hypertrophied auscte cannot
generate fiorG pouer or become firore fatigue-resistant t then
hypertrophy is of tittte Gonsequ€r'car
Unfortunate!)r; physiol,ogicaI changes in the avian nodeI
sf hypert?ophy have not been reportedr therefore the
physioLogicat evidence comes mainty frorrr the modets of
collpensatory hypertrophy in the rat and the inuobil'isation
nodel of stretch in the G?t. Haclova and Hnit (1971 )
reported increased tetaniG force devetopment in the rat
ptantaris muscte during the Iater sustaineo stage of
hrpertrophy. Leschr Parnteyr Hamoshr xaufmanl and
Sonnebtick (1963) observed a s toriing in raximun veIocity of
shorteningr ond tsinkhorst and Vant Hof (1973 ) observed a
decreased vetocity ol shortening per unit Iength of soteus
nuSc Ie ol the rat in respOnse to Gorllpensatory hypertrophy.
Gutnann et it. (1971) anci Eatdeinr t'artinezr and Cheadte
( 1976 ) reported a t rend tora rds t he s touing of Gont raGt f Le
prope?ties of muscle undergoing coilpensatory hypertroPhY r
rhich ras suggesteO by a protongation of tritch-time Course
and a deerease in myotibrittar !TPase act ivity'
Recent evidence has indicateC that rat muscte
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unde rgoing co;rpensatory hypert rophy does not aIter its
intrinsic properties (freeaan 0 Lu{f, 1962; .atsonl Burke,
Rymerl & Tsairis, 1981). f reenan anci Luff (1q62) reporte.J
that no changes uere observed in the time course ol
isonetric tvitch or in the intrinsic speed of shortening of
the rat soteus and ptantaris cusctes afteF Gompensatory
hypertrophy.
In the cat r Tardieur Tardieur Gagnardr and Tabary
(r969) reported that the tength at rhich sketetaI truscIe
began to devetop contractite tension Ias increased il the
nuscte yas irnobitised in a Iengthened position. Hobevert
further rork by Tabary; Tabaryl Tardieur Tardieus and
Gotdspink (9?Z) reported no changes in the tength-tension
properties of the stretch-innobiLised cat soteus nusGte.
Thusr the nature of any changes in functionat capacity
of the st?etch-hygertrophied itusGte have stitt to be futty
etuc idated. The preponderance of eviCenee suggests efther
that the contraeti Ie properties are not attereo or that a
storing of contractite properties oGGUfsr ! sIoring of
contractiIe properties rouId he in keeping vith the
fiorphol,ogicaL observations of an increase in the nunber of
type 1 fibers that have been reported during
stretch-hypertroghy (Got tniclt et al..s t9E3; HoLIy et a1. e
19EA; Ianuzzo t' Chen] 1979; Sola et 3t.1 1973). one
paraEeter that needs further investigation is the
f atiguabi t,ity of hypertrophied nuscte, since t raining of
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skel.eial. nuscte has been shorn to increase resistance to
fatigue (HoLl,oszy, 1973). Possibtv tFe physiotogicat
adaptatfons ocCurring during hypertroChY tttaY be further
etucidated by Gonsideration sf any changes in netabotic
prof iLe of the hypertrophying ousctBr
Changes in t{etabolic Profite
The energy yietding netabotic pathraYs of sketetat
Buscte nay be erpected to,Eeet the derands of hypertrophy.
Horeuer r there are disagreeetents in t he t iterature as to
rhether the aetabotic potentiaI increases (Guth & sanahal
1969i Seiden, 1976), decreases (Auan 3 Gotdspinkr 1q7a;
Batdyin et aL.1 1976;6utDann et ot.1 19711r oi reGains the
Saile (Arnstrong & IanuzzOr 197?r. Furtheraorer baldrin et
a f. (1g?6) and Hot ty et a t. (19F0) proposeo that di {ferent
fiber types ri[1. independentIy aIter their respective
metaboIic patterns in response to hypertrophy. ln order to
eranine the changes in netabotic profite this oiscussion has
been divided into tro sections: (a ) anaerob ic enzyiles anC
(b) aerobic cnZIrlQSo
Anaerobic Qrltfit€so fn arooets o{ cospensatory
hypertrophy in the rat r decreases in phospho-fructo hinase
(PfX) have been reported by both Bat drin et at . (1976) and
Ianuz zo and Chen (1979). HoreveFT in thc study by lanuzzo
and chenr the decrease in PFK ras t ransitory, the tevets
returning to nornat after 38 days. They atso teported that
Iactate dehydrogenase (t-Ox] vas decreasedr herokinase IeveIs
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-ere unchanged, and gtycerophosphate dehydrogenase (GPDF)
raS increaSed. fhe reduction in LDH activity ras consiCered
to be consistent vith an increase in GP0H aGtivity'
tn the chiclenl Ilot' ty et ilt. (1980) reporteo that af ter
5 yeels of stret ch the FatagaI ias (a fast-tvitch nusGte) and
the A tD (a stor-tyitch nusct e ) responded diss ini Iar Iy. I n
the patagatiasr the activities of aIpha 6PDH and LDH uere
decreased 4AZ and lCft resFectivety' ln the ALDr atphs GPDH
activity decreased 38Ir rhit'e LDH aGtivity increased 132'
lerobic Enzyres. In the conpensatory hyPertrophy aodeI
in the rat, Baldrin et a[. (197o) reporteo a oissinitar
response in the tro dilferent type 2 libers of the 7at
gastroGnenius nuscle. llhite Gitrate synthase (CS) activityr
and cytochrome C Ievets decreased in the type ?A portionsr
the enzyles increased in type ZP port ionS. lanuzzo and Chen
(1979) reported an initiaI increase in succinyI
dehydrogenase (SOx) activity that rPturned to notnaI after
l0 da ys. TheI a Iso founo an inc rease in hydrory-acyI
dehydrogenase (HADH) activityT rhich indicated that the
nusc te had a sIight ty greater beta-ox idat ive Gapacity lor
fatty acids.
In the ehickenr Hot Ly et 3t. (198C) reporteo that the
abit ity ol the stretched patagatias auscte to oxidise
succinate uas increased by 17AI' r vhi Ie the activity of CS
increased 1002. Stretch did not alter the abi Iity of the
ALD to oridise succinate. HoyBV?l'r the aGt ivity of CS in
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the ALD decreasP€l by 152.
Thusr in terns of any changes in retabotic profiteT
Batdrin et at. (1976) and Hol,ty et a[. (1980] have reporteo
different responses to stretch in muscIes of different
tiber-type conpositions. In the different speciest
fast-tyitch nusc Les insreased their oxidat ive capacity in
the rat and the shicken. Ihe possib t e Ghange in qet abot i c
character of fast-tcitch arusctes toyards that of stor-tnitch
nusctps routct support the argument of a storing of
contractite properties in response to hypertrophy. Hosever r
nargeth and Satviati (1971) and Ianuzzo and Chen (1979) have
both aaintained that the increased denands for AfP can be
ret by the elist ing netabotiG potentiat. TheTsfsrer further
studies arc n"eded to fuLty assess the oetaboIic atterations
in stretch-hypertTophy. Houever, a^Y increase in oridative
retabotfsn aay be stinutated by increased protein synthesis
regui renent.s and not toni c st imuI at ion.
Prote in Turnover
During stretch-hypertrophy increases in nusste reight
and fiber cross-sectionaI area have been reporteG (Art-rtstrong
& Iafiuzzor 1980; 6uth & YeLtin, 1971 ; Flol,ty et itL.s 1960).
Ihe Gost Likety source of the increases in muscte dry reiqht
and f iber cross-s"stionat area is an increase in protein
content of the muSGt€o An increaSe in protein Gontent coutd
arise fron changes in the rates st protein synthesis t
protein degradation; or both. Therefof€; this discussion of
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protein turnoVer has been divided into tヒo sect ons=  (a)
protein synthesis and (b)prOtein de9radation.
PrOtein synthesis.  The first attempt to investigate
protein sソnthesis in compensatory hypertrophy indicated that
in an in vitro preparation fron the hypertrophieo 50teuS of
the rat, amino acid incorporation ras ■arkedty ncre ed
(Hanosh et at., 1967)。  SubSequent ttOrk oソ  6oldberg (1968o,
1971) ard Goldber9, Ettinger. 6otdspink, and JabLecLi (1975)
demonstrated increased protein synthesis durins cOmpensatOry
hソpertrophy.  6otdspink (1976. 1977, 1978b, 198C) repo「ted
that in the im口obitiSation rlodet of stretch, protein
synthesis じas increased, and in the avian moOet, protein
synthesis has atso been shoun to increase to accompanソ the
9rowth process 〔Ash用Ore & Sualtte rs, 1981= Laurent, 3 at es,
sparrou, こ 口it[ua rd, 1977= Laurent g 口itl冒8rd, 1980, Laurent
& Sparro日, 1977= Sparrou, 1982)。  lndeed, 10Ltouing an
e■tended hソpertrophy process Of 58 days, Laurent and
Hi t tttard 〔1980〕reported a 148Z increase in protein content
of the ALD muSCte.
protein degradationo  ln order for protein content to
increase, prOtein synthesis must exceed protein cegradaticn.
The nature of any changes in the rate of protein degradatlon
has been the main area of cOnftict in studies of protein
turnovero  ln ttOdetS Of compensatorソ トンpertro hy in the rat,
Hamosh et at。 (1967) and 6oldberg (1969, 1971, 1974)
霞aintained that the rate of de9radation Jas decreaseO in the
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grosing musGter shereasr in mocels of inrorobi Li sat ion
(Gotdspink t 1977r 1978a, 1978b) and in the avian nodet of
stretch-hypertrophy (Laurent et i)t.r 1?73: Laurent t
ili l, trardr 1980), the rate of protein degraoat ion Has
reported to increase. Laurent and rlittuarO (19RC) proposed
that the tnost t ikeLy er;)[anation of the inc,reaseo
degradation during hypertrophy uas that it reftecied uastage
assoc iated uith the grovth. Ey 'vastage- they neant that
not att the increased protein synthesis resuIted in net
accuuutation of protein. Rather t the hyoert rophy pTocess
nay invotve an inherent inefficiency.
Thusr the increase in nuscte reight and fiber
cross-s?etionaL area during stretGh-hypertrophy is refteGted
by an inerease in protein content sf the nuscIe. To further
eranine the increased protein Gontent of the hypertrophied
ruscte severaI studics have investigated the changes
occur ring in nuc Ieic acid Gontent .
Changes in Hucteic lcid Content
In studies invotving cogipensatory hypertrophy
(Arnrstrong et 3[.e 1979; Gotdberg, 1971 ; ]lanosh et oL.1
1967> j stretch-immobitiseC inneryated and cienervated nuscIe
( Gctd spink , 19?7, 1978b) r and the avian iocleI ol hypertrophy
(Ashrore S Sunnersr lgE?; Laurent et oL.1 t97E; Laurent &
rrti t trard 7 19Ee; Sparror 19E?, , DtiI and RlI! Gont"nt of the
hype rtroghying nusctes ras .3reat ty increased -
HorevGrr in the nodeI of Gompensatory hyoertrophy in
2B
the ratr Gotdberg (1971) found the vast najority of !abeIted
nucIei to be of connective tissue originr rhite Armstrong et
ir [. (1q79 ] reported that fn the abtat ion modeI r an init iat
inf tanilator), response ras responsibte for the Iarge inc rease
in nN!. FurthGFnorel Jabtecki r Hauserr ancj Kaufnan (1973)
demonstrated that ilost of the increased incorporation of
5H-orotic acid occurreo in the connective tfssue cel Isr ano
not in the nruscte fibers. Thusr r0ost of the neH RHA
synthesizeci during cotrrpensatory hypert rophy ras nct oirect ty
invotved in the synthesis of lrusGte prcteins. ttorevert
Fteckmanl Bai t yn; and KaufFan (197E ) denonstrated that
p"evention of connective tissue hyperpIasid oid not
significantLy atter hypertrophy ol the rat so teus nusCt€.
In the avian nodetr Laurent anC ritIvaro (?980)
Eaintained that the ner RNA ras not invotved in the
synthesis of non-fiuscte cetI proteins. They reasoned that
the Synthesis of the nost abundant non-riusGte cetI proteint
cot tagenr neYer acGounted for Eore than 5-'z of the totaI
protein synthes is during the hypertrophY of the ALD.
Laurent ancl llitLvard (1980) atso proposeC that the oost
tikety source of increased DNA eas the satettite Getts t
yhich are knovn to be rnitotical,l.y active drlring sketetat
muscte hypgrtrophy (Schiaffino I Eormotir 1971r. They
further suggested that it ras hightv un(itetv that the
increased DllA resutts from a disproDo"tionate increase in
non-0uscIe cetls.
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Thereforer al.t nodeIs of stretch-hypertrophy produce
in6rsased nucteic acids in hyp"rtrophying musct€r rhich
routd be erpected considering the inGreased protein ccntent
of the h yge?trophying ;usc te. Horever, species Oit {erences
do appear to be present in the tocat ion Of the neu Df'l! anC
Rt'iA.
Itor Does Stretch Catrse Hypetlcoghy?
',Iork by Sota et oL. (147:) ano teng et at. (1962) has
inciicated that tension yas t ikeLy to be the stinutus for
stretch-r"tated hypertrophy. Ho:eyer the nechanisB by vhich
tension nediated the groyth process is stiLI unctear.
Go l,dberg et i t. Cl975) reporteo that there Bas a consistent
ris? in the orygen requirements of a stretched muscter vhich
he be tieved indicated that soEe siSna I must have been
received by the f ibers. Gotdberg et aL' proposeo that the
sorrrce of the signat night be a stight surtace
depoIarisation that coutd resutt fron an increased
concentration of both catciuil and sodiurn ionso KBoeyama and
Etl,fnge r 11q79) investigated the rote of catcium ions in
prOtein turnOver. fhey tound that nusc teS incubated under
st ight tension rith the adciition of the Gationr ionophore
A25187r oeoonstrated enhanced protein synthesis and
dec reased protein degradat ion. Vandenourgh and Kaufman
(19?9) aLso reporteC that incubating muss tes under stretch
increas"d the rate of protefn synthesis.
It is possibte that the conbinat ion of stretch and
)o
catcium ions naY ptay an important rote in hrpertroPhY.
Ashnore and Sunners (1981) Fave protrosed that stretch 6tay
increase catCiun ions as a resutt o, lnechanicat oisruption
in nyofitaaent atignnent, or by nerly devetoped e[ements of
the sarcotubutar systen being prone to teakage'
ALternativetyr Laurent and lliLtvard (1980) postutateo that
stretch nay increase anino aCio transportat ion. Llhat is not
ctear is rhether it is stretch itsetf that is turninE on
protein SynthesiSr and hence grorthl or uhether stretch
requires sone other agent to he prGS€nto Since denervated
tissue has been shoyn to retain the capacity to unoergo
hypertrophy (Feng et ot. 1962; Sota et aLr 1973)' the
necessity of neurotrophic inl tuence Gan be discouot?oo uork
by 6o tdber g C1967t 1968b) aLso denonstrateo that grorth
hornone and insuIin sere not necessary. Reeentty I
vandenburgh and Kaufnan fi979) have devetoped chicken
sketetat rnyotubes in vitro and hav€ shorn that nechanicaL
stretch of enbryonic ilyotubes teads to rany of t he
oiochemicaI shanges seen in sketetaI nuscte h]'pertrophy '
Hoyev€,F; it routd appear that further investigation is
reguired befOre the pre-requisite of any YaSCutar agent Can
ue di scountPd.
Summa ry
Fodet s of stretch-hyPertroPhY
siai tarities. At ( modeI s inc rease
rkuscte dry reightr fiher cross-sect
al.t have certain basis
rauscte Bet reight ani
ionaI arear Frotein
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synthesis, protein contlnt, and nucteic acid content.
Therefore, stretch undoubtedty has beFn ShOun to induce a
grOttth response in severat species.  However. the functiorlat
conseouenceS Of Stretch―induced 9「owt  have not been futtソ
e■pt8ined.  Freeman and Luff (1982) naintained that the
intrinsic properties of rat soteus and ptantaris Ruscte ‖ere
unChanged by compensato「y hypertropトソ, 日hereas Eatdwin et
al. (1976)considered that there Has a stoビing of
contractite properties fottoHing compensatory hソp●rt rophy.
Simitarty the nature of changes in metabotic profite of
hソpertrophied muscte are uncertain.  Paldけi  et at。(1976)
in a study using rats, and Hotty et at. (1980) in a study
using chickens, both considered that different fiber types
responded disimitarty to stretch, ●ith fast―twitch fihers
increasing their oxidative capacity and disptaying a trend
touards stou―tuitch fiber characteristicso  Furthermore,
60ttnick et at. (1983), HoLty et at。 (1980), lanuzこo and
Chen (1079〕, and Sote et ate (1973) att considered that
there Has a transformation of fiber types fron type 2 to
type f fottoじing stretch―induced hypertrophソ.
The mechanism of stretch― induced hypertropトン has yet to
be futtソ underst ood.  6otdberg et at。 (1975). Kanerama and
Ettinger (1979), and Ashmore and Summers (1981)att prOposed
a rote for catcium 10ns nediating the Orouth process, 日hite
Laurent and HillHard (1980) have su99ested that stretch maン
lncre ase anloo ac■d tranSpo「t at iOn.
ChaPter 3
i{ETHODS AIiD PROCFDURES
This chapter inc Iudes the nethods and the procedures
used in this investiEation. The methods of aninat cBF€g
hypertrophy by the addition of rei3hts to the uings
sacri ficel renovaI of nusc Ies r storogel ret reight and dry
eeight deterninationr fiber type deterninationr r,uscIe fiher
cross-sectiona t area deterninationr measurenent retiabitity r
ancj ana I ysis of da ta a re out I ined.
lnina I Care
iline Japanese quai t (Corturnir Corturnix Japonica) rere
obtained fror the 0epartment o{ PouIt ry Sciencer Corne[[
UniverSityr Ithacar NeI York. The hircls reFe l0 veeks of
agGr and reighed betyeen r00.C g and 13C.0 g upon arrivat at
the t aboratory. They under11ent a pretininary stabi I izat ion
pe riod ol 10 days to verify good heatth. 0uring the
stabi Iization pcriodr attention yas paid to maintenance of
body ueight and absence of disease sy;rptoils. AtI the birds
rere housed in individuaI yire GageSr 21.75 cn Iongr 16.38
cEt highr End 16.3E ca rioe. They Iere naintainecr in an
aninat roon rith a tengerature of ?!o Cr cith an automatie
1Z-hour tight, 12-hour dark cYG Ieo A eonmerciaI ration
(Turkey Gaoe Starter) and fresh rater cefe provioed acl
Libitun throughout the stabil,ization and erDerimentat phases
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to at t birds. FTor the day o{ arrivat at the Iaboratory and
continuing throughout the studyr body xeights of att birOs
Eere raeasured daity. lf ter the 10-day psrioo, at't the birds
had increased in body reight and dernonstrated no disease
synptoErsr therefore att nine biros vere used in the
e xpe r iment.
At,1 the birds underyent the hypertrophy FroGess r sir
being used to deternine any changes in ausGte fiber
cross-sectionaI arear 3nd the reoaining three being used to
deternine any changes in muscte yet reight and dsy reight.
rhe exp?rinent ras condueted using the right ring of each
bird as erperinentaI and the Ieft ring as sontrot.
The right ving a( each bird yas inserted into a hottour
cardboard tube. The tube uas apFrorinatety ?.5 Gr in
Iength, rith a diaaeter of 1 co. Care IaS taken to ensure
that the tube rested iust above the etbor joint. Snatl Iead
reights rere insertPd into the tuber and the tube and its
contents rere heLd in ptace b)' four strips of strong
adhes ive tilp€o The tota I reight of the tube I tape r ano
reights ranged from 13-15 gr Ihe birCs rere then returned
to thei? cages for a period of 5 days. Throughout the 5-day
period the bi rds Iere observed at dai ty intervat s to ensure
that the birds did not detach the tubing from the ring. At
tfte end of the 5-day periodr the birds uere sacriliced by
decapitation and exsanguinated. The rnusctes vere then
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r€movaoe fhe nusctes for the determination of ausct e ce ight
uere used inaediatetyr Bhi Ie the ausc Ies to be used for
fiber cross-sectionaI area deterarinatiOn vere frozen in
tiquid nitrogen and isopentane r then stored in tiquid
nitrogen at -600 C.
!uscte let yeight and Dry tJeight Deterrnination
The biceps brachii r the gatagaI ias r and t he craniaI
portion of the tatissfnus dorsi rere renoved fron each ring
and ptaced in p"e-IQighed atuminun trays (Fisher Scientific
Company cata [og nuobe r 8-73?r size SZ). The musG tes uere
then reighed to the nearest ng on a ttlett t er type H-1b
batance to deternine nusc Ie vet reight. After the
deteraination of att nuscte vet reightsr the trays Here
t?ansferred to a Thetco oven (Precision Scientific Fode[ 17,
set at 17o C. The pusctes rer€ then reighed every 1? hours
untit there ras no further rater toss r ehich ras indieated
by a constant reight neasured over a pcriod al ?4 hours.
l!uscte Fiber-typing
fhe biceps brachii r the patagaIias r and the craniaI
portion of the tatissinus dorsi ousctes dere reooved fron
each uing, iauediate(y inrersed in I iquid nitrogen and
isopentane, Irapped in atuminun f oiI r and stored in I'iquid
nitrogen at -6C" e. tn the ca se of the Ii ceps brachi i and
patagial,is Iongus rusctesr the nusctes 1rere first fired to
their in vivo Iength by attaching then to smatI rooden
sticks and then renoving thea f ron the bird. The craniaI
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tlcrtion of the tatissiaus dorsir because of its e rtrerrety
thin f ormr anC thus its tiabi t ity to Cistortion' ras f ixe'j
in its in vfvo Iength by t?eans of tuo sTatI metaL ctanl'sr
and then removed lror the bird. fn addition r the craniaI
poftion of the tatissimus dorsir after it hacJ been froeen
the L iquici nitrogen and isopentanel 8os innersed in a snat
conta iner rtade { ron a tuninum f oi L (apFror imate (y 2 cm by 1
Gn) r into uhich I'l-1 sectioning natrir ( Fisher Coripany
cata tog) had been poured. The container and ousc Ie Yere
then stored in t iquid ni t rogen.
After 4 days the nusctes iere renoved fron the tiquiC
nitrogen anC p[aced in a cryostat at -?to G lOr aC uinutesr
Each nuss [e ras then cut in haLf r ilnd hat f the nuscte
ilount ed for seGt ioning using y--1 seet ioning matrir' Care
JaS taken to ensure that the nuSGte ras arranged to 3;rovide
a cross-section. The other hatf of the fiusGte vas returned
to the t icuic nitrogenr Nextr ilusctes uere cut into
sections t0 aicrons thick and air dried at room tenperature
for t hour. The sections sere then staineo tcr adenosine
triphosphatase (ATPase) activity by the ilethod of TunnetI
and Hart (1977)e and orisative capacity usinE the reouced
diphosphopyridine nucteotide tetrazotium reduGtase (DPMH-YR)
pe,6gt ion of Farber r SteinbErg r and DunIap (1950).
"he Tunnett and Hart (1956) preceoure (or determinat fon
of ETPase activity invotves lour basic steps: (a)
In
t
unnett and Hart Procedure for ATP EA
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pre-incubationr (b) incubation, (c) devetop*rentl and (ci)
dehydrat ion.
Pre-i ncubation
1. The sections uere imaersed f or 5 ninutes in chi tt'ed
pre-incubation solution at pH 7.?5.
?. lfter 5 ninute.s the sections rere renoved and
sashed 5 tirnes in disti L t ed rilt€r r
Inc ub at ion
The sect ions uere then irraersed in ryosin Af Pase meeiia
at pH 9.9 for 90 ninutes at 37o C. fhe pH of incuLation Yas
rodified froo the originat pH orf 9.1 in the IunnetI and Hart
prOcedure beCause incubation at gH 9.9 Ias fOund to produce
better differentiation betreen fiber types.
Deve Iopaent
1. The sections rere then r insed 3 t inres in 11' catciun
chloride sotution.
?. The sections vere then innersed in Z7 Gobatt
chtoride for 3 rrinutes'
3. The sections rere then rinsed 5 tines in dist iL Ied
rate7.
4. The sec t ions Ee re then i rnne r sed f or 1 n inute rn
fresh [y prepared anooniui suIphide.
J. The sections uere then rinsed for 10 ninutes in
gent I y runni ng t aP la ter .
Dehyd rat ion
The dehydration process o{ Iunne It and Hart-s procedure
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catts for Cehyclration in ascenoing atcohots frorn 9Gt to
1002. In this study the dehydration procedure vas rodif ied
to attoy the dehydration to progress at a gent Ier rate. Yhe
steps taken vere as fotloYs:
1. The sec tions rere dehydrated in ascending atcohot s
ol the fottoring strengths: 3gtr 702, 85?' 9C7r 957r 10gZ.
The seCt ions sere imnersed f or 2 rrrinutes at each st rengt h .
z. The sections uere then imnersed for ? minutes in
rytene.
Farberr steinbe { 'NH―T
The sections r€Fc stained for DPNH-fR
oridative capacity by the foItorin3 steos 3
1. The sec tions rere incubated at tlo C for 3C ninutes
in a airtur? containing tris buffer (pH 7.4)r nitro btue
tetrazot iurr and reduced diphosphoPy? idine nuGteotide.
?. The sections ueFe then dehydrated through
acetone-yat?r lixtures of the fottouing strengthsr in the
order givens 30/70, 6at10, 90/10, 60r40r and 3C/70.
the deteraination of Buscte fiher G?oss-sectionat areas
ras aade from sections stained for ATPase activity by the
aethod of Tunne[ [ and Hart (1()77). Using a carbon-arc
proiectort an inage of a sl,ide containing a section {ron
each nuscte ras ProjecteO onto a gtass pIater onto the back
of yh ich r.as taped a piece of t rac ing papP f o A t race Ias
then aade of the ar?a of att nuscte fibers in a fietd
as a aarker lor
Fuscte fiber Cros5-sectionaI Area D4!lrtjnation
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(approrimatety 1C0). 0nty cornpIete Ly discernibte ausst e,
f ibers rere tracedr iloo the trace ine Iuded the f r,Lt area of
the cet[. To ensure a constant nethod of proiection, a
catibration sLide Has traced after every five euscte
sect ions, the ca Iibration sIide consisted of a series ot
intervaIs of knorn distance apa"t (0,e1 ila). rhe tracings
rere then taken to a 6P-50 sonic digitizer (Scientific
Accessories Industrieslr and the cross-sectionaI area of
each nusc Ie fiber yas aeasuredl and a fiean ras determined.
I he accu?ecy of the 6P-5C sonic digitizer ras ensured by
oeasu"etent af a square and a circte of knorn oF€6sr
Intra-observer Retiabi tit v
Intra-obse?yer retiabitity ras deternined after att the
nuscIe sections had been neasured by repeating the
,ilsasureilent process lor the f irst f our muscte sections r f he
resutts fron the tuo sets of neasureients rere then corpared
in order to ensure consistenc y by the erperinenter.
Inter-observer Retiahi ti ty
Inter-observer retiabil.ity ras deterained by
Reasu"enents of three diffe?ent nuscte sections macje by an
independent obseiv€ro The independent ooserver ras
instructed to trace the areas of three different auscte
types. Onty comptetety discernibte auscte fibers -ere to be
tracedr and the trace tine Has to inctude the lul,I area 6f
the cett. The independent observer ras instructed not to
interpret ceIt nenb?anes vhere they uere not ctearty
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evident. It yas not knorn to the observer nhether the
'iusc Ie sections rere f rom a cont roI or an erpe rimentirI 
uing.
The Observe? xaS then askeo to 'neaSU?e the crOSS-sectionat
area of each nuscle fiber using the GP-5C sonic oigitizer.
Anatysis of Data
The statisticat anaIysis of the resutts ol muscte fiher
cross-sectiona! area vas dependent upon the fiber tyFe
conposition of the nuscte being ileasured. ff the muscte
being oeasured yas found to consist of onty one Iiber tlger
then the neao cross-sectionat area ol the fibers in the
nuscte of the experiaentaI ring Ias conpared uith the m€an
fiber cross-sectionat are a ol the fiusGte in the controI ring
uSing a repeated aeasures t teSt. If cn t he other hand r
frore than one fiber tYpe rras foundr then the resutts fron
the fiber cross-sectionaI area deteroinations Eere anaIysed
using a tilNOVA.
rntra- anci inter-observer retiabiLity estirnates uere
deternined by anatlsing the data using repeated measufes t
tests. Co€fficients of variation of intra- and
inter-observer retiabiLity aeasuresents dere aLso
dete rmined.
ChaPter 4
ANALYSIS OT D!TT
This study ras conducted to deterrine the liber types
present in the biceps brachiir the patagatiasr and the
crani aI gortion ef the tatissinus dorsi nusc tes of the
corturnir quaft, and to assess the effect al stretGh on the
susc Les by the addit ion of reights to the cfng. rn this
chapter the resutts of the fiber tyCinE and the statisticaI
anatysis of the data lor hypertrophy of euscte fibers are
p rese nted.
Fusc Ie F ibe r fypes
The fiber types present in the biceps brachiir the
pataEatiasr ond the craniat portion of the tatissimus oorsi
rere determined by the staining methods af funne[[ and Hart
119?? ) for ATPase act ivityr and Farberl Steinberg, and
0untap (1956) for diphosphoOf ridine nucteotfde tetraeotium
reductase (DPNH-fR)r rhich ras used as a ilarker for
oxidative activity. The fiber types sere ctassitied
according to the type 1r type ?A t and type ?B syste'n ol
Brooke and Kaiser (197t,). Cet'Is that did not stain vith the
ATPase reaction uere considered to be type , f ib€7S r rhite
cel.ts that stained broyn or btack Iere Gcnsicered to be type
2 libers. The DPNH-TR reaction ras used to aic
dillerentiation betyeen type Z libers. Celts that did not
40
41
stain bith the DPHH-TR reaction rere consicered to be type
?e fibersr nhiIe cet Is that stained btue Here Gonsidered to
be either type 1 or type ?A f ibers. Type ?t fibers stain
rith both thc ATPase and the DPNIi-IR reactions because they
have both oridat ive and I tycot ytic potentiat.
Siceps Brachii
Seriat sections of the biceps brachii uere stained tor
ATPase act ivity and for DPNH-TR act iv it y. The Tunne I t and
Hart (1q77 ) staining procedure for AfPase aGtiYi ty in the
biceps hrachii reveated a uniforn sta ining pattern across
at l, celts. Afi. the c?tts had a brovn cotoration, inciicat ive
of type 2 fibers. The Farber et a[ ' (1956) stain for
DPNH-TR activity reveated cett s rith a sIightt, otue
coloration; indicative o t type ?a fibers. Therefol'Pl the
staining proGedures indicated that the biceos brachii Has
conposed only st type eB fibers (Figures 1a,1b)'
Latissinus Dorsi
seriaI sect ions ol the l,atisinus dorsi rere stained f or
ATPase activity and DPNH-TR actfvity. The Tunnet t and Hart
(19?Z) stain for AIPase activity reveated c.et ts that stained
brovn; lndicative of type ? I ibers. The FarDer et oL'
(1956) procedure reyeated Ge[ [ s that stained b(ue throughout
the c ross-section, indicative of type 1 or tlpe ZA fibers '
rhereforss the staining procedures indiGated that the
craniaI portion ol the t,atissiaus Oorsi ras conposed onty of
type VA fibers (tigures ?a, Zb).
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Patagatias
seriaI sections o{ the patagatias yere stained lor
4TPase act ivityr and lor DPtH-TF act ivity. fhe Iunnet t and
Hart |J9?7) p.ocedure for ATPase activity reveated tuo
distinct types of cet[: A smatI cet['rhich stained a very
intense darh brorn and a Iarger ceIt that staineO rith a
auch Lighter broyn coIoration. uith the Farber et a[.
(1996) procedurPl the sma[ [ cetts stained dark btue 7 and the
[arger cetts did not stain. Thusr in the patagatias musc Ie i
the snat t setts denonstrated the staining characteristics of
type ?A fibersr nhereas the Iarge ceI ts demonstrated the
staininE characteristiGs of type ?A fiCers. A count ol lCC
cel,t s in sir p.tagatias nuscIes inCicateC 6CI of the fibers
appeared to be type ZAt and 40f. type ?B (tigures 3ar 3b).
In att the Busctes that uere subieGteq to stret chr no
transfornation in fiber-type profite Has observed. The
stretched bicegs brachii consisted onty of type 2E fibersr
the stretched tatissirnus dorsi cons isted onty of type 2A
f ibersr and the stretchec, patagatias st it I consisted of 6:]f
type ?A t ibers and t,Ol type ?3 f ibers ' rhe count s of type
2e and type ze fibers in the patagatias oefore and after
stret ch are found in Tab [€ 1.
auscte teights
conparisons of nusc Ie ret uei3ht anc o?y reight yere
made using the three birds assigned for the purpose. Ihe
nuscLe neights are found in Tabte ?. In att instances the
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!tuscte f iber
stretched
Tabte 1
Types of Unstretched and
Pataga Iias llusc Ie
Bird Unstretched Stretched
1
?
3
4
5
6
2A
51
7A
6Z
59
55
69
2B
19
30
IE
41
45
31
?A
60
,7
65
56
56
63
28
4C
t3
34
11
L4
37
‖土SE 61■3。088 59t3.CE I 6C91.097 40+1.68(
Note. Yatues are nuabers of nuscte ficers.
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Tab L● 2
“
uscte Wet We19hts and D「ソ "e19h,s
tluscte Uet Leights
ControI
14 SE
[xperittentat
r       SE          t
3iceps      。061■ .0029 .376 + .C046 3.27g*
.039 + .01J7 1.941
.1?t +,C098 3.826*
Lat
Pat
.015 ● 。0015
.09` ● .0033
Ituscte D'rY trleights
ControI
!l!
[■perittentat
M       SE          t
Biceps       .01` 上 .C0 2 。071 ■ 。0018      2.`46士
.309 ■ .0029        。229
。32, 上・ 0023      1。612
Lat
pat
。005 ■ .CC20
。025 ■ 。0017
ilote. ltl uatues in fi9.
士p く 。05.
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auscte r.e ights in the erperisentat rings exceedeO the auscte
ueights in the controI rings. FloveveTr beGause of the soaIt
nunber of birds invotved in this portion of the studyr the
resutts rere not found to be statisticatty significant vhen
subiected to repeated aeasures t tests.
ItluscIe Iet tleights
7he rean ret reights of the erperirnentaI biceps
orachii, the patagatiasr and the craniat portion of the
tatissinus dorsi musctes Iere att found to be greater than
the respeGtiy" controI Dean ret reightS. The mean vet
reights of the erperinentaI biceps brachii nusctesr the
patagatias nusctes r and the craniat gortions of the
tatissi6us dorsi irusctes uere Z1 .77., !1.72r and 177.21)
r"sDect iveIyr greater than the 'lean controI rPt reights.
i,luscte Dry ueights
fhe ilean dry seights of the erperimenta! biceps
brachiir the p-tagatiasr and the craniaI portion of the
tatissicus dorsi ousetes uere at l. found to be greater than
the respective controt irean dry ueights. fhe oean dry
reights of the erperiaentaL biceps brachii rnusctesr the
patagaLias musctes; and the craniat portion of the
tatissiaus dorsi rusctes uere 3?.57.,27.57,1 and EC.6L,
respectivety, greater than the lIteen GontroI dry reights.
lruscte Fiber Cross-seGtionaI Areas
In order to assess any changes in nuscte fiber
cross-seCtionaI areal the meanS of fiber cross-sectionat
49
a rea in the nusc Ies of the erperirnenlat rings r?F? compared
to the means o{ fitrer cross-sectionaI area in the musctes of
the COntroI ringS. CompariSonS of the fiean values fOr each
musc t e sere Rade using a one-t a i Ied repeat ed neasures !
test r since it ras expeGted that if there uere any
dif{erences they loutd be due to an increase in sfee in the
exgrrinentat ring. fhe Eean values of the DatagaIias
nusc Les Eere sub j ect ed t o a lttAN0V! (Bi'0P4V) (D ixonr Brovnr
EngeInranl Frane, Hilt, Jennrichr & Toporek, 1961]r since it
consisted of tvo fiber tYPes.
B iceps Brachii
The group ileans and standard erFors of the
cross-s?ctionaI area for the biceps brachii musGtes are
found in rabte 3. The t vatue for the Gonparison sf
erperisentaI and controI musG(es uas catsutateci to be 3'36'4t
as conpared to the criticat value t(5) = 2.A2. The Iarger !
vatue ol f.364 indicated that the erperinentaI ring muscIes
rere significantty Iarger in ilean fiber Gross-sectionaL area
than the controt ring EusGtes (Figure 4a, 4b).
Latissinus Dorsi
The group teans and stanCard errors of the
cross-sectionaI area {or the craniat portions of the
tat i s sirus dorsi ilusc t es a 7e f ound in Tab I'€ 5. The t va tue
fOr the coppariSon of experimentaI and controt nuscteS IaS
catcul.ated to De 6.65?1 as cotrpared to the criticaI vatue
t(5) = 2.e?. The [arger ! vatue of 6.652 inoicated that the
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Tab te 3
Conparison of Fean Fiber Cross-sectionaI Area in
Stretched and Unstretched !lusc tes
Controt ErperieentaI
? ?
?
?
?
?（ ）??? ?
??
?
?
?
Biceps    32。11    .0437
Lat       41。72    。0312
Pat 2A    18.48    .6558
'at2｀8    69.44    .0134
‖ote.  "ean vatues in square micrOns.
士 pく .95.
?9.74 .c9c4 1.364*
5?.gl .0 595 C.6rZ*
! 6.BC .0116 .?e7
7?.gz . c862 1.??8
51
■■gure 午こ。
r igur3 ■0。
■■6-`じ 十・  `‐■_“_じ ‐し0_^_
llッこ―● L二_chi■.
狙
…
■_…^ ■
?
?
???
?
52
ergerimentaI ying nusctes rer€ signif icantLy Iarger in Eean
fiber cross-sectionaI area than the controt ring nusctes
(Figure 5ar 5b).
Patagatias
fhe group Deans and standard errors of the
cross-sectionaI area for the type 2a and tyrre 78 fib'ers of
the patagatias nusctes are found in Tabte 3. ln the case of
the type zA fibersr the ! vatue for the Gomparison o{
erperimentat and Controt nuScIes Has catcuIatecl to be.20?t
as conpared to the criticaI vatue t (5) = Z.C?. fhe Iesser t
vatue of .?Ol indicated that there ras no significant
difference in the tnean fiber cross-sectionaI area crf type ?A
f ibers betyeen the exDerirnentaI and controt ttusctes. Ior
the type ZB fibersr the t vaIue foc the cotrparison ol
erperinentaI and controt nusstes vas GatGutated to be 1.228t
as compared to the criticat vatue of t(5) = ?.4?. The
Iesse r t vatue of 1.228 indicated that there r,as no
significant difference in the mean cross-sectionaI area ol
the typ? ?g fibers betreen the erperinentat and Gontrct
:ings. In additionr the Qore porerfuI liANOvA dio not
indicate any significant aru[tivariate CifferenGes in nusctes
betreen Gontrot ancj erperinentaI ringsr [(2r4) = 1.85r o )
.05.
Intra-observer Reliabi Ii t Y
Intra-observer retiabitity ras determined by repeating
the oeaSureRent process for the first three 6usGIes. Ihe
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mean fiber cross-sectionat area lor each nuscte las
computed I and the neans compared b)' a t t €st r rio
significant differences eristed betveen the neans of the
first and second sets of Freasurements. The coefficient qf
variation for each set of oeasuretnents ras 1'7?.2'
Inter-observer FeI iabi Ii ty
The lleasurements of fibe ? c?oss-seGtionat area made by
an independent observ?r Iere coFpared rith the iteasurenents
of the erperimenter. A repeated neasures t test IaS used to
coppa re the a?an Yatues of f iber cross-eGtional af ea. No
significant differences Iere found to erist betleen the
treans of fiber cross-sectiOnat area as neasured by the
erperimenter and the oeans of fiber cross-sectionat area as
neasured by the independent observEfo The Goetticient of
yariation for the neasurenents made by the indeOendent
Observer and the meaSurenrents Rade by the erperinenter r'as
1.90r.
Sunaary
p'uscIe fiber types rere deternined lor the biceps
brachiir the patagaIiasl and the craniat portion of the
tatissi|'|us dorsi nusctes. The ATPase act iYity ol eaGh
ousc Ie vas dete ratined by the stainin3 prccedure of TunneI t
and Hart (197?t. fhe DPltl{-TR aGtivity of each rrrusc te ras
deternined by the DPiIH-TR staining procedure ol farber et
at. (r956 )r and serYed as a ilarker of oridat ive aGt ivity.
Ihe f iber t)rpes present rere ctassilied according to the
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syst en ol Broole and Ka iser (1974r. The b icefrs b rachi i Bas
found to consist of onIy type eE fibers e charaGterized by
the presence of a high !fPase activity and tor DPNH-TR
activity. The craniat portion of the Latissinus dorsi
consist?d sl onty type ?l libers; charaGterieed by both a
high ATPase activity and high DPNII-TR activityr dnGl tle
patagatias of 502 tyge ?A fibers anc 401 type 2B fibers.
Stretch 3as not found to atter the fiber type GoErposition of
the musctes.
The eruscte ret reights ancl nuscte dcy reights of the
experinentat musCtes uere found to be grsater than the
corresponding reights of the controt ilusG tesr although the
differences rere not found to be statisticatty significant.
Conpa risons of the rrean Ya Iues of f ioer G ross-sectionaI area
in the erperinentaI and controI nusctes Iere nade using a
one-taited repeated neasures t test. A llAN0VA ras atso used
to interpret the data frorr the patagatias trUSGt€. ln the
ergerimcntaI ringsr both the biceps brachii and the craniaI
portion of the Latissimus dorsi shored significantty Iarger
aeanfibersizethantherespectivecontrotmusc[es(p<
.C5). In the patagal,ias nuscter neither the type ZA nor the
type ?B fibers shoyed significant Cifferences in nean fiber
c ross-SCGt iona I area bet reen elpe rinentat and control
ruS c I es.
Chapter 5
DISCUSSION OF RESULTS
The purpose of this study uas to deternine thg fiber
types present in the biceps brachiir the Patagatiasl and the
craniaI portion of the tatissiaus dorsi lusc tes in the
sorturnir quail I and to investigate the effeet o{ stretch
upon the;usctes. stretch of the muscles ras produced by
inserting the right ring of each bird into a hottor tube
containing reights. The bird-s Ieft uing uas used as a
controt. At the end of a 5-ctay t reatrent the bfrds sere
sacrificed I ond the experimentaI and cCnt rot tnusCtes rere
rapidty tamov€dr The musctes from three o{ the birds rere
usec tor the detersination of nuscte uet and dty reight r
rhiLe the nusctes fron the reBaining sir birds rere
ianediatet y lrozen in tiquid nitrolen in order to be usec
for the deternination of nuscte I iber types and musGte fiber
cross-sectiona[ 3rei. Fuscte fiber types bere deterrnineci by
using the Tunne[ [ and Hart (1977 ] procedure for ATPaSe
activity and the Farberr Steinb€rgr and Duntap (1956)
procedure for DPNH-TRr rhich ras used as a narler for
oridative capacity. The t*ean fiber cross-Seetionat area 1ras
dete rnined for each ausc te by obtaining a traGe of the
nusCte Section using a carbon-arc proiector and neaSurinE
the cross-sectionaI area of each of tl'e traced cetts rith a
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6P-50 sonic digitizer. fhe data uere anatyseC using
repea ted neasures t tests r ElnC f n the c aSe of the Pat aEa L ias
nusc te a TANOVA ras atso used. fhe discussion has been
cjivided into the fotLoring seGtions: (a) ouscte fiber
tfpesr (b) nuscte reight, and (c) nuscte f iber
cross-sectionaI area.
nusc Ie Fibe r fyPes
nuscte fiber types bere cIassified accordinE to the
syste. of Broole and Kaiser (1974). In the tsrooke and
(aiser systelr type 1 fibers erhioit tor AfPase activity and
high DPilH-TR aGtivity. Type zA fibers erhibit high ATPase
act ivity and high DPNt{-TR activityr nhite type ?E f ibers
erhibit high !TPase activity and Iov DPNH-TR aGt ivity' fhe
oiceps brachii uas found to consist of onty type ZB fibers;
the craniaI portion of the tatissinus dorsi of onty type ?A
f ibersr and the patagal'ias of type ZA and eB fibers' Since
this study u.s the first to atteEpt to fiber-type the biceps
brachii, the prtagal,iasl and the craniaI portioft of the
Latissinus dorsi musctes of the corturnir quaitp no direct
comparison of the resutts is nossibIe. ForIerr Campionr
llarksr and Reagan (1980) did fiber tyce the peGtoratis maior
and the supracoracoideus nuss Ies of the quai t; they noted
the eristence of both type 1 and type ? {iDers. Honev€r7 in
the present stuCy no tyPe
nusc I es.
fibers vere seen in any 6f the
In the chic ken, the nost rideI y useci avian mode I Of
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stret ch-hypert rophyr the najority ol stuci ies have Gonce rneo
the anterior tatissimus dorsi (ALD). The ALD in the chicken
has been f ound to consist prinarity of type 1 fibPf sr trUt
atso sofie tyge 2 f ibers (Got tnickr Parsonsr Reidy; I t+oorer
1983; Hol.t yr F3rnett r AshIEore r ?aytorr & lroter 1980; Sotar
christensene S luartin, 1973). The differences in the
fiber-type col'tgosition betseen the crania t portion of the
tatissiaus dorsi in the quaiI ano the ALD of the chicIen !nay
oe iust a species di{f€raoG€r or it na, be due to a
functional. adaptation in the chicken; rhich is not Gapabte
ol ft ight as the quait is. fhe tiber-typ€' profi tes obtained
lor the biceps brachii and patagatias EusGtes in the quaiI
rore close[, rcseibte the fiber-type prof iIes reported for
the EuscIes in the chisken. Xol,ty et it. (19P0) reported
that in the chicken the biceps brachii and the patagatias
ausctes uere nainty fast-tyitch nusctesr co0!prised rrrinariIy
of tyPe Zl and ?a f ibers'
In the present study stretching the nusc t es for a
period o{ 5 days had no effect on the fiaer-type protite of
the DusGt€so Horeverl in studies usin3 the chickenr
GoLl.nick et ot. (1983) r Hot t y et E[. (1S50) r and SoIa et at.
C1973) a L t reported a change in f iber-tYPe profi te from type
2 torards type 1. Hoveverr in al'l' cases the musctes Here
subjected to nuch tonger periods o{ stretGh than 9 daysT and
it is tikety that such a transformation is a Iong-tern
adap tat i on to st re tch.
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ruscIe i.ieights
the increases in auscIe y€t reighl and ciry reight seen
in the biceps orachii; the patagatias r and the craniaI
portions of the Latissiuus dorsi nusctes in the elperimentaI
rings in this study are in accord yith the resutts reported
by other studiGs (Ashnore & Suoners e 19e1 t Got tni ck et Et .3
t983; Hol,ty et a t. t 1980; Sol'a et i![. r 1?73). Horever r
possib(y due to the stiatI nunber ot Oirds auaitabte lot this
gortion of the studyl the results obtained rere not
statisticaLty significant at the .05 [eve(. The
neasureFents of Euscte reight uere made primarity as a
oack-up to the ileasurenents of fiber Gross-seGtionat areae
since in reasuring nuscle reight it is not possibl'e to
deteemine yhat is contributing to an increBSGr Ihe increase
in ueight coul,d rett be due to increases in connective
tissue in the hypertrophying musc.ter a Orocess that has been
re[[ rtocunented (GoLdberg et at.1 197J;6oLtnict et at.r
1981; LauTent & iliLtvardr 1980).
ilusc Ie Fiber Cross-Sect ionaI Area
The vaIues deternrined !or nusc I e fiber G ross-seGtionat
area in this study vere of the same order as the vatues
reported by [oyter et at, (1980) in the supracoracoideus and
pectoraIis rajor nusctes of the quait. fhe Yatues far the
cean fiber cross-sectionaI areas of the erperimenta I ning in
the b iceps brach i i , the pataga I ias I and the craniat portions
of the tatissinus dorsi rere significantty greater than the
6o
corresponding Controt ring vatuPs. lhe va [ues lor the mean
fiOer cross-sectionaI areas of the elPerinenta[:ing in the
patagatias musctes r.ere not significant ty different than the
corresponding controI rino vatues. Thusr the biGeps brachi i
ano the craniaI portion of the (atissinus dorsi
hypertrophied in response to the aidition of reight to the
uing, rhereas the patagalias diC not.
Previous studies have used the ehicken as the avian
nodet of stretGh hypertrophyl thereforer direct Gomparison
of the resutts obtained in this study is not possibl.e. llot
onty is there a species difference to be consioered r but
there is also a difference in the fibe?-tlqe coilt'osition of
the nusctes under investigation' ThuSr in coaparing the
present study in the quait to the grevious studies using the
chickenr dissirilari ties Eay Het I be erpected.
In the c,hickenr Sota et a[. (1973) | Laurent and
fli(tnard (1978r 19EC) r and Got tnick et it. (1983)
investigated prinrari ty the response of the ALD to stret ch r
,hiLe Hol.ty et ot. (1980) inuestigated the response of the
biceps brachiir ALDr ;rrd patagatias ousctes to stretch' In
at L instanees an increase in nean fiber G?oss-seGtionat area
ras reported. Sola et aL. (1971.) estimateo that the mean
c ross-spctionat area of the f ibe rs doub ted in the ALD after
E reeks of stretch. HoI t Y ?eported a 452 increase in the
ALD af te c 7 days of stretchr Hhil,e 6oLInick et at. (198])
reported an increase o{ agg?oriratety llCZ fn mean fiber
6t
cross-sectionaI area in the ALD alter 63 da)rs ol stretch.
In the frresent study a 777 inGrease in Gean fiber
cross-sectionaI area ras founC in the AID after 5 days of
stretch' HoLty et aL. (198C) did report a 157 increase in
f iber cross-Sectionat area of the patagatias nuscte after 7
days o{ stretchr houever the stretch sti"uIus uas provided
by fteans of a spring-toaded device that produced an init i aI
force ol 700 g upon the ring. This force ras equaI to
approrirrateIy 337, of the bird-s body reight. In additionr
the device stretched primari t Y the patagat ias ausGle r rith
the ALD being stretched onty by the Subsequent uing ciroop.
In the present studyr the reight yas posi tioned to stretGh
prinarit y the craniat gortion of the latissi6us oorsir anC
it apoears tikety that the patagatias.as not subiected to
stretch. Furthernorer the reight of 13 g that uas attached
to the guait-s ring r"presented onty lOZ of the bird-s body
reightp rhich ras the saRe pereentage as used by Sota et ot'
(19?3) and GoLtnick et at. (1q83). HoLty et at. (1990)
?egorted a 152 increase in nean fiber Gross-sectionat in the
biceps brachii' The present study found a sinritar inGrease
in the biceps brachii (?ZZl.
Therefore, stretch appears to be GapaDte of prociucing
hypertrophy ol nuscte fibers in the corturnir quaitr a
phenonenon that has been repo rt€d in seve raL other spec ieS.
The use of the quai I has the acivantage ouer the use of the
chicken as a modet o{ stretch-hypertrcphy in that it is a
OZ
nore cOst-efficient bird to maintiin, in terms of both
feeding and housing.
Sunna ry
yhe biceps brachii yas found to consist ol onty tyPe ?B
fibersr the craniaI portion of the Iatissinus oorsi of onty
type ?A fibersr Bnd the patagal,'ias of 6eZ type 2A fibers and
LoL type u B fioers. The fiber-type coilposition of the
craniaI portion of the tatissinus dorsi nuscIe in the quai I
ras found to be ciitterent fron the Gomposition of the ALD in
the chickenr yith other sLight Cifferences being oresent
betyeen the biceps brachii anC the patagaIias s{ the trro
birds' The diffeTences oay simpl'y be due to sgecies
variationr atthough they nay frossibty represent different
f unc t iona I adapta t iorls o
The GrperinentaI nusctes aLt shoved increases in auscte
ret ueight and dry reight' At though the increases Here
Iarger the1r uere not statistieatty signifisantl rhich naY
have been due to the siatt nurber of birds used in this
portion of the study. The biceps brachii anci the craniaI
portion of the tatissiaus dorsi hypettrophied in Tesponse to
the adOition of reight to the ringl rhite the patagatias did
not. Presurnably the positioning of the reight did not
subject the patagalias to sufficient StrEtch.
As in other s tudies r st retch has been shorn to be a
gotent agent in ousc te groxth r one that is capab Ie of
p roduc ing ?ap id en Ia r-eenent of rusc t e f ibe rs ove r ve ry short
periods of time. In this stuCy stretch
f iber-type co0rposition of the ousctes r
to the short period of stretch that yas
6t
ciio not atter tle
bul this nay De due
ut itised.
Chapter 6
SU‖
“
ARY, CONCLuS10NS, AND RECO日間ENDAl10NS
TOft TURTHER STUDY
SunmarY
fhis invest igation r,as conducted to deternine the fiber
types present in the biceps brachiir the patagatiasr and the
c raniaI portion of the tatissimus dorsi rusctes of the
corturnir quaiIr aod atso to study the effect s{ stretch on
the EuscIes. The subjects eere nine mate gorturnix quai[.
The right ring ol each bird ras used for the experimentaI
treatilcnts and the teft ring xas used as a controt. Stretch
ras produced by the insertion of the right xing of each bird
into a hot tou tube containing reights . Ihe tube ras teft in
positlon for 5 days. The birds rer? thcn sacrificedr dnd
the biceps brachii, the patagatiasl and the sraniaI portion
of the Iatissirus dorsi rere quickty rernoved from both
rings. Three birds r?re used f or the deterrninat ion sf
Dusc Ie yeightsl and sir rere used f or the deterrnination of
rnuscte fiber cross-sectionaI area. rhe nuscIes lror the six
birds to be used for the deternination of ffber area rere
inaediatety frozen in L iquid nit rogen and isopentane, and
stored in tiquid nitrogen (-60o c). serial scctions from
each ousc Ie rere cut and stained t] ,eternine nuscI e fiber
type. The aethod al Tunnet I and Ha rt (1977, rras used for
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ATPase activityr and the rethod of Far5er r steinbc"2, and
Duntap (1956) for DPf{H-TR activity uas used as a narker ot
oridative capacity. Fiuscte fiber cross-sectionaI areas reFe
then deternined for each muscte. A carbon-arC prOiectCr i{as
used to obtain tracings of each seGticn ano a 6P-50 sonic
Cigitizer ras used to evatuate the cross-seGtionat araa of
each f ibe r on the traciTllsr A repeateJ reasures !-test
design yas used to anatyse ;;ean f iber cross-Sect ionaI area r
Nruscte ret reight I and nuscte dry reight vaIues for the
erperinental, and controt uings. In adCitionl the fiber
c ross-sectiooaI area data fron the patagaI ias DUsGIes rere
subject"d to a fTANOVA.
The resutts shored the biceps brachii to be coaposed
onIy ol type ?B fibersl the craniaI portion of the
Latissinus dorsl onty of type ?A fibers r ind the patagatias
or 607 type 2A and 4AZ type 2S fibers. After 5 days of
stretch no transforrnations of fiber types rere seen. The
g?oup ;ean fiber sross-sectionaI areas loc the erper inent aI
biceps brachii and the crania I portion of the Iarissiaus
Jorsi rcra signiflcant ty Iarger than the yatues for the
controI eusctes. The group mean fiber cross-sectionaI areas
fcr thc crperirentaI patagatias muscles rere not
significantty different fron the controI vatues for the
patagaIias.
Conctusions
The findings of this investigatio:,t support the
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fottouing conctusions concerning the fiber types present inr
and the ef {ects of st?etch oor the biceps brachii r the
patagatias, and the craniaI portion of the tatissi;us oorsi
ousc tes of t he corturn i x qua i [ :
1. The biceps brachii consists of type ?ts fibers r the
pataEal, ias of type ?A and type ?E: f ibersT ano the c rania I
portion of the Iatissiuus dorsi of type 2a fibers.
?. No change in fiber-type cotposition occurred in the
nuscles after 5 days of stretch.
3. Stretch of the ring caused significant hfFertrophy
of nuscte flbers in the biceps brachii and in the craniat
portion of the Iatissiaus dorsi. No significant hypertrorhy
took ptace in the fibers of the pata3atiaS fiusGte.
Recorrrnendations for turther Study
Thc findings of this invest igat ion suggesteo the
fottoring recoilEendations for turther study clf muscte fiber
types and the cffect of stretch on the biceps brachiir the
patagatiasl and the craniaI portion of the Iatissirnus dorsi
of thc Go?turnir quai[:
?. Fiber-type the musctes using other staining
technlquesl since the TunneI t and Hart (1977 ) procedure for
ATPase activity has been used primari ty in human pathotogy.
Thereforer verification of the fiber types described in this
study shoutd be aade uslng other protocots, ergo Gulh and
Saaaha (1969).
2.  POsition the weight on the wing differentLソ to
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atteilgt to stretGh the pataga I ias nuscte in orcer to
ceteraine if it responds to stretch t he same raY as t he
biceps brachii and th? craniat portion of the Iatissin'us
dorsi.
3. rnvestigate biochenicat aspeGts of the hypertrophy
p rOC t SSo
4. Dencruatc the erperimentat rusctes ano assess anY
suose quent hYPert roPhy.
5. rreasure the physiotogicaI characteristics of
musctes vhich have undergone hyoertrophy.
6. Use a taTge? nunber of subiects in the
deterrination of lruscte vet and dey reight-
Appendix A
'AH SCORES OF ruSCLE HET 
椰[IGHT
A‖D DRV WEIGHT
Huscte Wet Weight
l{usc Ic Controt
123
Erperinenta t
173
Biceps     .353   。058  。067 。066   .075   。ごと2
。121   。197  .142
0065   。037   .082
Pat
L at
。097   。087   。097
.013   .C17   。0 4
llusc I e Dry ]Je i 3h t
!lusc Le Cont ro I
121
Erpe rirent a I
1?!
Biceps     .014   0014   。015      .017   .018   。 21
Pat         .022   .025   。0 2      。026  。026   .C136
Lat         .004   .009   。 02        。 38  。015   。005
itote. ttt vatues are expressed in Dg.
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AppendiI B
RA" SCOFES OF nUSCLE FIBER 「 E′h AR[ハ IN MICRONS
ruscle ControI Ltge rirrenta I【
?
?
? SE SE
Biceps
Lat
Pat 2A
Pat 2B
1  34。16
2  30。82
3  27。68
4  32.09
5  36.13
6  31。78
1  40。23
2  42.69
3  44074
4  38.89
5  42。71
6  40。96
1  22.38
2  15042
3  24。06
4  15。66
5  18.17
6  15。49
1  67.10
2  59。84
3  85。01
4  67.49
5  73.37
6  63.31
.1428
。1368
。1146
.1370
。1095
。1527
.1466
。13,7
.1586
。1299
。0981
.G828
。1963
。0718
。1115
。0819
。0801
er637
.2712
。2854
。4345
.2967
.IC09
.2527
50。41
45。OF
32。5]
34。32
38.58
19。02
51。07
5こ.99
45。83
52。22
55.39
50。89
19.68
20.02
18.41
17.60
18。74
18.34
66.15
70.00
79。12
67.61
73.71
75。85
.2927
.1650
。1458
。1169
.1981
。1508
。1959
。2612
。1496
.1598
。C981
.1689
.1010
.1008
.9767
。C3CO
.0801
。1114
.105こ
。2208
。0387
。「 176
.230C
.1241
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